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Indian Standard 

METHODS OF SAMPLING 
STEEL FORGINGS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 26 March 1979, after the draft finalized by the Methods of Sampling 
Sectional Committee had been approved by the Structural and Metals 
Division Council. 

0.2 The steel forgings industry in India has made considerable progress in 
the last few years, in unison with other manufacturing industries like auto- 
mobile, aircraft, machine tools and other metal processing industries. The 
versatility of the forging process as also its likely phenomenal development 
in the coming years may lead to rapid growth of steel forgings. Standardi- 
zation of the sampling procedure of steel forgings increases reliability of test 
results and avoids ambiguity, if any, between the supplier and the user. 

0.3 Proper quality control during the process of manufacture would 
substantially reduce quality fluctuations of the ultimate products. For 
effective process control, the use of statistical quality control techniques is 
imperative for which helpful guidance may be obtained from IS : 397 
(Part I)-1972* and IS:397(Part II )-1975f The sampling procedures 
recommended in the standard include certain broad outlines for process 
control. 

0.4 In reporting the result of a test or analysis, if the final value, observed 
or calculated, is to be rounded oil, it shaii be done in accordance with 
IS: 2-1960:. 

1. SCOPE 

1.1 This standard prescribes the methods of sampling and criteria for 
conformity for steel forgings. The broad outlines with regard to the 
controls to be exercised during the manufacturing process have also been 

indicated. 



♦Methods for statistical quality control during production: Part I Control charts for 
variables (first rsvision ). 

tMethods for statistical quality control during production: Part II Control charts for 
attributes and count of defects (first revision ). 

tRules for rounding off numerical values ( revised). 

3 
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2. TERMINOLOGY 

2*0 For the purpose of this standard, the following definitions shall apply. 

2.1 Item — A unit, such as forging, meant for inspection or testing. 

2.2 Let — The total number of items of the same type and size under 
consideration originating from the same cast and having been produced 
under similar conditions of manufacture. 

£.3 Lot Size — Number of forgings in the lot. 

2.4 Sample — Number of items selected for inspection or testing from a 
lot. 

2.5 Sample Size — Number of items in the sample. 

2.6 Defect — Failure to meet the requirement imposed on an item with 
respect to any single characteristic. 

2.7 Defective — A forging having one or more defects. 

2*8 Acceptance Number — The maximum permissible number of 
defectives in the sample ( s ) for acceptance of the lot. 

2.9 Rejection Number ( r ) — The minimum number of defectives in the 
sample for rejection of the lot. 

2.10 Acceptable Quality Level (AQ,L) — The maximum percent 
defective that, for the purpose of sampling of steel forgings, can be 
considered satisfactory as a process average. 

Note — When a purchaser designates seme specific value cf AQL, he indicates to the 
supplier that his ( purchaser's ) acceptable sampling plan will accept the ' great 
majority of the lots that the supplier submits, provided that the process average level 
of percent defective in these lots is not greater than the designated value of AQL. 
Thus, AQL is a designated value of percent defective that the purchaser indicates will 
be accepted most of the times ( approximately 89 to 99 percent ). 

3. PROCESS CONTROL 

3.1 The object of inspection and testing steel forgings by the purchaser is 
to ensure their conformity to the specification requirements, whereas the 
inspection done by the manufacturer during production is to ensure 
conformity to relevant specifications as also to maintain better control over 
the process. Quality control during production can build quality and 



IS t 9100 -1979 

reliability in the forgings whereas inspection done later on can only sort 
out the good products from the bad ones. Because of the economy that 
would result from the former approach, it is recommended that the manu- 
facturer should take representative sample of the material at regular 
intervals to control the quality fluctuations during production. 

3.2 The recommended stages of manufacture and frequency of testing for 
process control are given below: 



Characteristics 


Stages of Manufacture 


Frequency of Testing 


Chemical analysis 


Raw material 


One from each cast 




Final inspection 


One from each lot 


Dimensional check 


Die sinking copy model 


Each model 




Die sinking 


Each forging 




Die finishing 


do 




Lead cast inspection 


do 




Forging ( hot ) inspection 


do 




Primary inspection 


do 




Heat treatment 


do 




Final inspection 


do 


Forgeability, 


Raw material 


One test from each ] 


surface defects and 


[ 




internal defects 






Mechanical 


Raw material 


One from each cast 


properties 


Heat treatment 


Each heat treatment 
batch 



4. LOT INSPECTION 

4.1 In case adequate and satisfactory system of quality control has been 
maintained, the resulting data and information may be made available to 
the purchaser along with items supplied to enable him to judge the accept- 
ability of the lot. When it is not possible to make such information 
available to the purchaser or if the purchaser so desires, the procedure laid 
down in the following clauses shall be followed for determining the 
conformity of the steel forgings to the requirements of the relevant 
specifications. 

4.2 The sample shall be selected and examined for each lot separately for 
ascertaining their conformity to the requirements of the relevant 
specifications. 
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4.3 Scale of Sampling 

4.3.1 Visual, Mass and Dimensional Characteristics — All the large and 
special forgings shall be inspected individually for visual, mass and 
dimensional characteristics which are important. Only those forgings 
which are found to fcne satisfactory with regard to all those characteristics 
shall be accepted. 

4.3.2 In the case of general forgings, the number of items to be selected 
from each lot shall be in accordance with Col 1 and 2 of Table 1 

4,3.2.1 The items shall be selected at random from the lot. For select- 
ing the items at random the provisions contained in IS : 4905-1968* shall 
be used. 



TABLE 1 SCALE OF SAMPLING AND PERMISSIBLE NUMBER OF 
DEFECTIVES FOR VISUAL, MASS AND DIMENSIONAL CHARACTERISTICS 

( Clauses 4.3.2, 4.3.3 and 4.3.4) 



Number of 


Items in 


For Visual Characteristics 


For Mass and Dimensional 


1* tl XT T rt* 




.-*-. 


f*tr it) jl r*w»^w^ »»*»*» r*a 


Ili£> J-i 




Number of 
Items to be 


Acceptance 

No. 


t-ffrJAR At 


. 






Number of 


— ■■■■■ ^ - % 
Acceptance 






Selected 




Items to be 
Selected 


No. * 


(1 


) 


(2) 


(3) 


(4) 


(5) 


Up to 


15 


5 





3 





16 „ 


25 


8 





5 





26 „ 


50 


13 


1 


8 





51 „ 


100 


20 


1 


13 





101 „ 


150 


32 


2 


20 


1 


151 „ 


300 


50 


3 


32 


1 


301 „ 


50C 


80 


5 


50 


2 


501 „ 


1000 


125 


. 7 


80 


3 


1 001 „ 


3 000 


200 


10 


125 


5 


3 001 „ 


10 000 


315 


14 


200 


7 


10 001 and above 


500 


21 


315 


10 



Note — The associated AQL's (see 2.10) for visual characteristics and mass/ 
dimensional characteristics are 2*5 and 1*5 percent respectively. These AQL values will 
strictly hold good only In the case of larger lots. 



♦Methods for random sampling. 
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4.3.3 Each item selected according to Col 1 and 2 of Table 1 shall be 
inspected for visual characteristics. Any item failing to meet one or more 
of the requirements shall be considered as defective. If the number of 
defectives found in the sample is less than or equal to the corresponding 
acceptance number given in Gol 3 of Table 1 the lot shall be considered as 
conforming to the requirements of visual characteristics. 

Note — In case of those lots which have been found unsatisfactory, all the items in 
the lot may be inspected for visual characteristics and the defectives may be removed, 
if agreed to between the purchaser and the supplier. 

4.3.4 The lot which has been found satisfactory with respect to visual 
characteristics shall be further inspected for mass and dimensional 
requirements. The number of items required for this purpose shall be 
taken at random in accordance with Gol 1 and 4 of Table 1. These may 
be taken from those items which have been found conforming to visual 
characteristics. If the number of defectives found in the sample for mass 
and dimensional requirements is less than or equal to correspond ng 
acceptance number ( see Gol 5 ), the lot shall be considered as conforming 
to the requirements of the relevant specifications, otherwise not. 

4.4 Surface and Internal Defects " 

4.4.1 Unless otherwise agreed to between the supplier and the purchaser, 
the items taken for testing visual characteristics may be used to assess the 
surface and internal defects. 

4.4.2 The requirements relating the state of surface may be specified and 
agreed to while ordering. 

4.4.3 The use of special techniques either during inspection or after 
delivery for the detection of the surface defects as well as the methods of 
interpreting the results must be agreed while ordering. 

4.4.4 The use of special techniques for inspection, such as radiography, 
ultrasonics, magnetic detection and grain flow for the detection of internal 
defects as well as methods of interpreting the results shall be agreed while 
ordering. 

5. CHEMICAL CHARACTERISTICS 

5.1 The lot which has been found satisfactory with respect to visual, mass 
and dimensional requirements shall be tested for chemical analysis. The 
number of items required for this purpose shall be taken at random in 
accordance with Col 1 and 2 of Table 2. These may be taken from those 
items which have been found conforming to mass and dimensional 
characteristics. 
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TABLE 2 SCALE OF SAMPLING FOR CHEMICAL ANALYSIS 

(Clauses 5.1 andGA) 

Number of Items in a Lot Number op Items to be Selected 

(I) (2) 

Up to 50 2 

51 „ 150 3 

151 „ 500 5 

501 and above 8 

i 

Note ~- If there is only one item in a lot, that item shall be tested for chemical 
analysis. 



5.1.1 For each of the items, drilling shall be taken and a composite 
sample shall be made. The lot shall be considered as complying with the 
requirements of various chemical constituents, if the analysis made on the 
composite sample conforms to the requirements of the relevant 
specifications. 

6. MECHANICAL PROPERTIES 

6.1 The lot which has been found satisfactory for visual, mass and 
dimensional characteristics and chemical analysis shall next be tested 
for physical properties like tensile strength, bend test, fracture test, impact 
test, hardness test and mechanical tests at a fixed temperature, and long 
duration tests. 

6.2 The specimen shall be selected in such a manner that it represents the 
material and shall be so prepared that it conforms to the relevant specifica- 
tion to ensure uniformity of test procedure. 

6.3 While conducting the test, uniform conditions shall be imposed, such 
as rate of loading, concentric application of the load, testing machines of 
like sensitivity and accuracy and specimens of the same dimensions 
and form. 

6.4 The number of items required for this purpose shall be in accordance 
with Gol 1 and 2 of Table 2. These items may be those from which 
drilling has been taken for chemical analysis. 

6.5 From each of the items so selected, the required number of test 
specimens shall be prepared for conducting the physical tests specified. 
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6.6 For each characteristic, from the test results obtained, the average ( x ) 
and the range ( R ) be calculated as below; 

a / -\ __ ^ um °^ tne tcst results 

& \ x J ~-, ^ um t>er of test results 

Range ( R 1 = ^^ erence between the maximum and 
s ^ ' minimum values of the test results 

6*7 If the specification limit for the characteristic is given as a minimum 
value, the expression ( x — kR ) shall be calculated from the relevant test 
results. If the value obtained is greater than or equal to the minimum 
specification limit, the lot shall be considered as conforming to the 
requirements of that characteristic. 

6.8 If the specification limit for the characteristic is given as a maximum 
value, the expression ( x + kR ) shall be calculated from the relevant test 
results. If the value obtained is less than or equal to the maximum limit, 
the lot shall be declared as conforming to the requirements of that 
characteristic, 

6.9 If the characteristic has two-sided specification limits, the expressions 
( x — A:R ) and ( x + kR ) shall be calculated from the relevant test results. 
If the values obtained lie between the two specification limits, the lot shall 
be declared as conforming to the requirements of that characteristic. 

6.10 The value of the factor k refFerred to earlier shall be chosen in 
accordance with Table 3 depending upon the desired acceptable quality 

level. 



TABLE 3 VALUES OF k FOR ACHIEVING DIFFERENT ACCEPTABLE 

QUALITY LEVELS 


Acceptable Quality Level, 
Percent 


Value op k 


2*5 and up to 4'0 


0-4 


1-0 and up to 2*5 


0-5 


Less than 1*0 


0*6 



6.11 If the characteristics are of attribute type like bend test and fracture 
test, the lot shall be considered as conforming to the requirements if each 
of the test results is found to be satisfactory. 
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